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The macrofinance of housing

workhorse models in macro have
one capital stock, one consumption good
firms face frictions (e.g., Bernanke-Gertler)

recent episode
dramatic increase in leverage by households
housing as different capital stock & consumption good
households face frictions

models with housing capital
1. determine the per unit price of housing capital
⇒ same % capital gains on all houses
2. Euler equations of all households determine the per unit price

(marginal) user cost = MRS of housing and other goods
⇒ price changes only if all households are affected

(e.g., need to affect Bill Gates)
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What accounts for the cross section of capital gains?

model with housing capital does not provide an explanation.

here: model with indivisible houses that differ by quality
I prices solve assignment problem: 1 house - 1 mover
I (marginal) user cost of housing = MRS of other goods for housing
I different marginal investor for every house quality
⇒ capital gains differ by quality; depend on house, mover distributions

quantitative implementation for San Diego County, 2000-5

higher capital gains for low quality houses since
1 more low quality houses transacted in 2005
⇒ at low qualities: richer marginal investors, high marg. user costs

2 lower interest rate & downpayment requirements
⇒ affects poor households’marginal user cost more
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Overview

Model structure: houses meet movers

two goods: housing & “other” (numeraire)

quality index h ∈ [0, 1]
G (h) cdf of house qualities traded

price function p (h), p (0) = 0

mover i’s demand h∗ (p, i)

in equilibrium
Pr (h∗ (p, i) ≤ h) = G (h)

Plan of the talk:

1 simple version
2 quantitative model
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Simple model

One mover characteristic: cash on hand w , cdf F (w)

optimization problem, with v indirect utility over other good, housing

max
h
v (w − p (h) , h)

consider equilibrium with house quality strictly increasing in wealth

equilibrium assignment of wealth w ∗ (h) to quality h s.t. markets clear

F (w ∗ (h)) = G (h) ⇒ w ∗ (h) = F−1 (G (h))

asset pricing from Euler equations for all h

p′ (h) =
v2
v1
(w ∗ (h)− p (h) , h)

different marginal investor w ∗ (h) for every house h ∈ [0, 1]
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Special case: linear pricing

given v ,F and avg quality H̄, there is a cdf G with mean H̄ s.t.
the price function is linear p (h) = p̄h, and for all h

p̄ =
v2
v1
(w ∗ (h)− p (h) , h) , w ∗ (h) = F−1 (G (h))

(every investor w ∗ (h) marginal for every house h ∈ [0, 1])
macro models with divisible housing capital

I assume that house cdf G adjusts to ensure linear pricing
I marginal rate of transformation between house types = 1
I per unit price p̄ changes if and only if MRSs of all investors change

this paper
I take house distribution G directly from the data
I don’t take a stand on supply side
I under observed G , price may change locally with MRS at quality h
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Special case: log utility & polynomial assignment

v separable log in housing, other resources:

v (c, h) = log c + θ log h

equilibrium price function p′ (h) = θ (w ∗ (h)− p (h)) /h
Euler equations ⇒ linear differential equation

assume distributions s.t. w ∗ (h) = F−1 (G (h)) =
n

∑
i=1
aihi

⇒ price function

p (h) =
n

∑
i=1
ai

θ

θ + i
hi

in general nonlinear! (unless w ∗ linear, i.e. w a scaled version of h)
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Example

utility log c + θ log h
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More houses at high and low end

change house quality density from uniform to beta(2,2)
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Higher marginal utility of housing for poorer households

utility log c + θ̂ log h, with higher θ̂ for w ≤ 4
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Message from simple model

higher capital gains at low end if
I more mass in low and high end of transacted homes
I higher housing demand of poorer movers
(e.g. an increase in θ = marginal utility of housing)

divisible model: special distributions
I smaller capital gains, same for all houses

next: quantitative model
I what do distributions look like in the data?
I what is role of cheap credit?
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Quantitative model: household problem

Preferences
I time separable power utility over bundles Ct = c

ρ
t st (ht )

1−ρ

I house of quality ht produces service flow st (ht )
I survival probabilities, utility from bequest at death

Assets: houses, short term bonds with exog. after tax interest rate Rt
Stochastic nontradable after-tax labor income yt
Budget constraint

ct + bt + pt (ht ) (1+ ψ) + vtpt (ht−1) = pt (ht−1) + Rt−1bt−1 + yt

maintenance ψ; transaction cost vt = v if ht 6= ht−1 or moving shock
Downpayment constraint bt ≤ (1− δ) pt (ht )

"Cheaper credit" means lower δ, R
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Quantitative model: equilibrium

Equilibrium for date τ = 2000, 2005: price function pτ (h) so that

Pr (h∗τ (p, i) ≤ h) = Gτ (h)

Household demands h∗τ (p, i)
I solve household problem for many agents i
I house price expectations: uninsurable shocks to house prices

τ = 2000 : prices expected to grow at trend (constant cap gains)
τ = 2005 : prices expected to go back to 2000 (mean reversion)
income expectations: uninsurable shocks to income
lifecycle profile, permanent & transitory component

Cheaper credit: 2000: δ = 20%, R = 3%, 2005: δ = 10%, R = 1%

Cross sectional distribution of age, income, wealth among movers!
I directly from micro data for τ = 2000, 2005
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Micro data

Geography:
San Diego County = San Diego, Carlsbad, San Marcos-MSA

600,000 housing units

Datasets:
1 Census Data

F Decennial Census 2000
F American Community Survey 2005,
6,600 households in San Diego County

F Self-reported home values, demographic characteristics

2 Database of residential real estate transactions 1997-2008

F Closing prices
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Characteristics of San Diego Movers and Stayers

Year 2000 Year 2005

Movers Stayers Movers Stayers

Fraction of households

aged ≤ 35 years 0.34 0.13 0.46 0.14
aged > 35 years 0.66 0.87 0.54 0.86

Median Wealth (in thousands)

aged ≤ 35 years 145.0 161.2 222.3 257.0
aged > 35 years 361.4 402.2 603.3 724.7
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Quantitative model: equilibrium

Equilibrium for date τ = 2000, 2005: price function pτ (h) so that

Pr (h∗τ (p, i) ≤ h) = Gτ (h)

Distribution of transacted house qualities Gτ (h)
I quality index is 2000 house price
I for 2000, quality distribution = price distribution
I isolate common shocks affecting houses of same quality:
estimate statistical model on repeat sales 1997-2008
⇒ find p̂5 (p0) = E0 [p5 |p0 ], strictly increasing

I for 2005, quality distribution := distribution of p̂−15 (p5)
(measures quality up to monotonic transformation)
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Quantitative model: equilibrium

Equilibrium for date τ = 2000, 2005: price function pτ (h) so that

Pr (h∗τ (p, i) ≤ h) = Gτ (h)

Distribution of transacted house qualities Gτ (h)
I quality index is 2000 house price
I for 2000, quality distribution = price distribution
I isolate common shocks affecting houses of same quality:
estimate statistical model on repeat sales 1997-2008
⇒ find p̂5 (p0) = E0 [p5 |p0 ], strictly increasing

I for 2005, quality distribution := distribution of p̂−15 (p5)
(measures quality up to monotonic transformation)

Service flow function sτ (h)
I s0 (h) chosen to match 2000 observed house prices
I benchmark: s5 (h) = s0 (h)× constant growth
I sensitivity check: allow for different growth by quality
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Equilibrium prices by quality in 2005
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Equilibrium capital gains by quality, 2000-2005
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Multidimensional assignment
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Median cash by quality & age
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Median cash by quality & age
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Median cash by quality & age: model vs data
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Role of cheap credit
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Role of cheap credit
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Role of the quality distribution
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Role of the quality distribution
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Equilibrium capital gains by quality, 2000-2005
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Sensitivity: cheap credit
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Conclusion

Facts on housing by quality since 2000
I stronger boom-bust cycle for low end homes
I quality distribution of traded houses had fatter tails in boom

Asset pricing model with a continuum of house types
I prices solve assignment problem: match movers to houses
I each house has its own marginal investor
I cross section of capital gains depends on quality, mover distributions
in boom: more houses at high and low end

I shocks to subpopulations: more kick than if divisible capital.
in boom: cheaper credit

Landvoigt, Piazzesi & Schneider (Stanford) The Housing Market(s) of San Diego 2012 MEA 35 / 35


